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>..
/“ . . . SUMMARY

‘.
.. . .. . ..’,

Resultsof a &ee-flightinvestigationto determinethedragof
circulsz,finite-Lengthcylindersarepresentedfora Machnumberrange
ofabout0.5to M.: Finenessratiosofthecylinderstestedwere15,
30, and60. Resultsofpreviousexperimentaltestsofcircularcylinders
havinginfinitefin:nessratioasreincludedinthispaperforcomparison.

4.+ ~. .

Forsupersoq$cspeeds,thedragof circularcylindersislargely
independentoff~eness‘ratioandReynoldsnumber.At subsonicMach
numbers,thedrA&%f‘fipi%e-lengthcylinders(finenessratiosofabout
60 and below)i@ease,sasthetifinenessratiosincrease.

“q’&,,:%

INTRODUCTION

Theinterestthathasexistedinforcesandmomentsexperiencedby
bodiesofrevolutionin inclinedflighthasincreasedwiththepre8ent-
daymissilesandsupersonicaircraftwherethebodyisa principal
componentoftheconfigurations.Themethodofreference1 to determine
theaerodynamiccharacteristicsofbodiesofrevolutionatanglesof
attackinvolvestheuseoftheviscouscrossforcesexistingonthe
bodies.Becauseofthelackof experimentaldatawhichcanbeusedin
thedetermtitionoftheseviscouscrossforcesat cross-flowMach
numbersintheregionofuni~, theNationalAdvisoryComi.tteefor
Aeronauticshasmadesomefree-flightteststo determinethedragof
circularcylindersoffinitefinenessratios.
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9Cylindershavingfinenessratiosof15;30,and60 weretested. .
Thecylindersweremountedontestbodiesin sucha mannerastominimize
interferenceeffects. .

..
Theresultsofthesetestsarepresentedhereinandarecompared

withpreviouslyobtainedexperimentaldragdataforcirculsrcylinders
of infinitelengths.

Thefree-flighttestswereconductedatthePilotlessI&craft
ResearchStationatWallopsIslsad,Va. TheMachnumberrangewasfrom
0.5 to 1.3 andtherangeofthecorrespondingReynoldsnumbersbasedon
cylinderdiam~terwasfrom1.25 X ’105 to 7.25 X 105. ..

SYMBOLS

CDT

CD

M

R

L/D

L

D

totalconfigurationdragcoefficientbasedonthetestbody
frontalarea

cylinderdragcoefficientbasedoncylinderfrontalsrea

Machnumber

Reynoldsnumber

finenessratio

lengthof cylinder,inches

dismeterofcylinder,inches

. .

MODEISANDTESTS

Thegeneralarrangementforthethreetestconfigurationsusedin
thisinvestigationis showninfigure1,anda photographofa typical
modelis showninfigure2.

.

Thebasicbodyonwhichthecylindersweremountedwasa simply
constructedcircular-cylindricalwoodbodyhavinga specialfinassembly.

-J

Therectangularendplatesmountedontheendsofthehorizontalfins
providedthenecessarystabilizingareaintheverticalplane.The
cylinders,inturn,weremountedontheendplatessothatessentially
halfa cylinderwasmountedon eachendplate;theleadingedgesofthe
endplateswerebeveledonthesideawayfromthecylindersinorderto
minimizetheflowdisturbancesover’thecylinders.Thefinassedilyand
cylinderswereconstmctedof steel.......
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-. Themodelswerepropelledby a two-stagerocketarrangement.The
firststagewasa high-velocityaircraftboosterrocketequippedwith
fo~ fins;thesecondstagewasa 3.25-i.pchaircraftrocketcontained
withinthemodel.

Testdatawereobtained’andreducedby themethodsdescribedin
reference2. Infigure3,theReynoldsnuniberduringflight,basedon
cylinderdiameter,isplottedagainstWch numberforeachcylinder
tested.

drag
Mach

sxe

E

Theaccuracyofthetestsis estimatedtobe as follows:cyliiider
coefficientswithintO.02at M = 0.8,ti.01at M = 1.20,and
numberwithin*0.01. .

RESUIITS

Total-configurationdragcoefficientsplottedagainstMachnumber
6howninfigure4 fora ~ical testconfiguration.Datapoints
showninthisplotto givethereadera representativeexampleof
numberof datapointsandtheirscatterfromwhichthefaired

curvesof figure5 wereobtained.

Figure5 showsthevariationoftotal-configurationdragcoef-
ficients(basedonmodelfrontalarea)withMachnumberforthethree
cylinderstested.Alsoshowninthisfigure=e thedragcoefficients
ofthebasictestmodel.

Cylinderdragcoefficients(includingcylinderend-platetiter-
ferencedragandbasedoncylinderfrontalarea)forthethreecylinders
tested,wereobtainedasthedifferencebetweenthetotal-configuration
dragandthedragofthebasicbodyandareshowninfigure6 plotted
againstF&chnumber.Alsoshowninthisfigureforcomparativepurposes
me somesupersoniccylinderdragcoefficientsdeterminedexperimen-
tallyby Stanton(ref.3)andBusemann(asshowninref.4). The
cylinderstestedby Stantonwereof infinitefinenessratios.Busemann‘s
testwasmadeina blow-downtunnelwiththecylinderetiendingthrough
thejet. Becausedeviationsfromtheuniformi~oftheflowexistedat
theedgesofthejet,theeffectivefinenessratioofthecylinderwas

-. indeterminant;however,itisbelievedthatitwouldapproachinfinity.

Thevariationofthedra$coefficientswithMachnumberofthe
cylindersofthepresenttestsformsa bandwhich,at M = 0.7,centers
aroundapproximately1.2,increasesto about2.0at M = 0.95,andthen
decreases
M= 1.3.

withincreasingsupersonicspeedsto approximately1.5at
Thecoefficientswithinthisbandshowthatthedragof
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cylindersincreasesastheirfinenessratiosincreaseat subsonicMach
numbers. At supersonicspeeds,however,thewidthofthebandofthe
coefficientshasdecreasedandnoapparenttrendofthedragcurves
relativeto eachotherexists;further,thesupersonicdragcoefficients
determinedby StantonandBusemannforcyiindersof effectiveinfinite
finenessratios,sndatReynoldsnumbersmuchlowerthanthoseofthe
presenttests,appearconsistentwiththecoefficientsofthepresent
tests.Fromthecomparativeagreementoftheresultsofthesetests,
itappearsthatcylinderdragcoefficientsarelsrgelyindependentof
Reynoldsnumberandfinenessratioat supersonicspeeds.(Althoughthe
ReynoldsnumberoftheBusemanntestisnotlistedinreference4, it
wasconfirmedbyDr.Busemannthathistestwasmadeat a Reynolds“
numberofapproximately50j000.).

Thedipexistinginthedrag-coefficientcurvesforthetwohigher
finenessratiocylindersaroundM = 0.825 maybe theresultoftransi-
tionfromlaminartoturbulentflowaroundthecylinders;thisresultis
consideredfurtherinthediscussionof figure7. Similardipsin
cylinder-dragcurveswereshowninreference”5whereanunsuccessful
attemptwasmadeto correlatetheoccurrenceofthedipswithwake-width
variation.Thelackofa dipinthedragctie ofthecylinderhaving
a finenessratioof15maypossiblybe explainedby morepredominant
endeffectsexistingforthislowerfinenessratio.

.

Thedragcoefficients(basedon cylinderfrontalarea)forthe
cylinderstestedareshowninfigure7 plottedagainstReynoldsnumber.
Alsoshowninthisfigure,forcomparativepurposes,arepreviously
obtainedexperimentaldragcoefficientsofcylindersfromreferences6
to8.

Theresultsofthetwolargercylinders.ofStack’stests(ref.7)
veryclesrlydefinethepronouncedeffectsonthedragcoefficientsof
cylinderswhentransitionfromlaminarto turbulentflowoccurspriorto
thecriticalMachnumber.Whenthiseffectisrememberedandthetrend
oftheinitialportionsofthedragcurvesofthepresenttestsisnoted,
itappearsthatthedipsinthedragcurvesforthetwohigher-fineness-
ratiocylindersmaybe attributedto theoccurrenceofthecritical
l.kchnumberfollowedby transition,thecompressibilityeffectsbeing
predominant.

At subcritical,MachnumbersandReynoldsnumbersthedragofthe
cylinderha- a finenessratioof60agreeswiththatfor.cylinders
of infinitefinenessratios;thus,whendeterminingdrag,cylinders
withfinenessratiosof about60orgreat&maybe consideredtobe of
infinitelength.
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CONCLUSIONS
/

Flightstestsina Machnumberrangeofabout0.50to 1.3of circular
finite-lengthcylindersandtheresultsofpreviousexperimentaltests
ofcircularcylindershavinginfinitelengthsleadto thefollowhg
conclusions:

1.Dragofcircularcylindersat supersonicspeedsislargely
independentoffinenessratioandReynoldsnumber.

2.At subsonicMachnumbers,thedragof finite-lengthcylinders
(finenessratiosofabout60andbelow)increasesastheirfineness
ratioincreases.

LangleyAeronauticalLaboratory
NationalAdtisoryCommitteeforAeronautics

LangleyField,Va.
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(b) Endtiewof thecylinder configuratlom.

Figure 1.- Qeneral armngement of model configurations showing the basic
teat body and the three cylinder cotiiguratiom teEted. All dimensions
@me in inches.
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Figure4.-VariationoftotaldragcoefficientswithMachnumberfor
a typicalcylinderconfigurationshowzbgdatapoints.
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Figure5.- Variationoftotaldragcoefficients,basedonbodyfrental
area,tithMachnumberforthecylinderconfigurationsinvestigated
andforthebasictestbody.
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i, Figure 6.-Variationofcylinderdragcoefficient~,basedon cylinder
frontalsraa,withMach numberforthecylindercodigurattons
tested.Alsoshownaretwoexper-tilly determined auper60nic

~ cy~der drag coefficients of previous investi~tions.
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Figure 7.-Variation of the cylinder drag
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teat points.)
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